Endoreduplication with increased tetraploidy has been observed (Danes, 1976b (Danes, , 1978 in skin and colonic mucosa cultures containing epithelioid cells derived from patients with the autosomal dominant Gardner syndrome (association of multiple colorectal polyps which become malignant with cystic lesions of the skin, fibrous tissue tumours, and osteomatosis in a single family group) (Gardner, 1962 (Gardner, , 1972 Pierce, 1972) . As increased tetraploidy was observed only in cultures derived from these two tissues, which are known to show malignancies, and not in those derived from connective tissues, which show either normal or benign growths (Danes, 1976b) , it has been proposed that increased tetraploidy in vitro does not identify cells with the Gardner genotype, but rather those that are known to undergo malignant transformation in vivo (Danes, 1978) .
Through detailed pedigree studies it has become recognised that within certain Gardner syndrome families some branches have variable extracolorectal lesions in association with colorectal growths, whereas in other branches the extracolorectal lesions may be present without the clinical expression of colorectal polyps or the history of colorectal cancer in consecutive generations. Kindred Gardner (1962 Gardner ( , 1972 (Gardner et al., 1952; Gardner, 1972) * 0, osteomas; F, fibromas; C, carcinoma of colon; P, polyps; D, dentition abnormalities epithelioid cells, presumably from the epidermis, and fibroblasts from the dermis were present in the migration zone surrounding the explant before trypsinisation to obtain a cell line. The cells were grown in culture 3 to 12 weeks (2 to 5 subcultures by trypsinisation) before the reported studies. Chromosome preparations were made and evaluated for tetraploidy as previously described in detail (Danes, 1976a) . For each biopsy cultured, chromosome preparations were made on 2 different cultures from 2 sublines, and mitoses on 2 slides from each chromosome preparation were evaluated. As it was considered that a slide must contain 50 mitoses to reflect the mitotic activity of a cell strain, slides with less than 50 mitoses were not included in this study. The occurrence (%) of tetraploidy in a culture was expressed as the number of metaphases showing tetraploidy divided by the total number of metaphases counted.
Observations
Based on family history and clinical examinations in generations V to VII (Fig.) , the clinical phenotype of the Gardner syndrome in Kindred 109 was multiple colorectal polyps which become malignant and extracolorectal abnormal connective tissue growths (osteomas, dentition abnormalities, fibromas, and cysts). The 3 affected members studied in generation V (nos. 7, 9, 28; ages 46, 39, 29) had the same clinical expression (osteomas, fibromas, cysts, polyps, and dentition abnormalities ). In generation VI, the extracolorectal lesions in VI.4 (first observed at age 4) were osteomas and fibromas, whereas in VI.3 and VI.34 (ages 14 and 22) cysts were also present. The skin cultures established from all 6 members with the full expression of the Gardner syndrome showed increased tetraploidy (Table) . The percentage of cells in metaphase showing tetraploidy ranged from 10 to 30, was constant for each line through repeated subcultures, and did not appear to be influenced by the age of the donor. The number of chromosomes per cell in such cells was tetraploid (92) or hypotetraploid.
One of these patients (V.9) had 7 offspring: 5 (VI.l 1, 12, 13, 16, 17) of the 6 studied had multiple extracolorectal lesions. The cultures from 2 (VI. 11, 12; ages 17, 15) showed increased tetraploidy (16%, 9%), whereas those from the other 3 (VI.13, 16, 17;
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The Gardner syndrome: a cell culture study on Kindred 109 ages 14, 4, 2) did not (4%, 3%, 0% (VI.20, 21, 22, 29, 30, 31 ; ages 2 to 20 years) of their 9 normal-appearing offspring were studied and none of their cell cultures showed increased tetraploidy (0 to 4%). The cultures from the 2 grandchildren of V.10 (VII.1, 2; ages 4 and 3 years) also showed no increase in tetraploidy (1%, 2%), neither did those derived from 8 members by marriage in 3 generations (0 to 4%).
Discussion
In an autosomal dominant disorder such as the Gardner syndrome in which there are age dependent manifestations (colorectal polyps and neoplasms) and extracolorectal lesions (Gardner, 1972; Pierce, 1972) , a consistent cell abnormality identifying the Gardner gene would help in recognition of family members who have inherited the gene before clinical signs appear, so that appropriate medical surveillance and genetic counselling could be initiated.
In endoreduplication, chromosome replication occurs without an intervening mitosis resulting in a tetraploid nucleus. Endoreduplication with resultant tetraploidy has been reported to occur in cultured cells from normal individuals but at a very low incidence (Puck et al., 1958; Obe, 1965; Turner and Wald, 1965; Todaro and Martin, 1967; Danes, 1976a Danes, , b, 1978 . In the present study (Fig., Table) (Danes, 1975 (Danes, , 1976a (Mark et al., 1973) . It has thus been assumed that such aberrant mitoses occurred in the epithelioid cell with the Gardner syndrome genotype, both in vivo and in vitro.
In a kindred with the Gardner syndrome such as Kindred 109, such a cell marker would be of value for 3 kinds of family groups (those with full, partial, or no expression of the Gardner gene) (Fig., Table) .
The first family group to have in vitro studies performed was that with full expression, 6 members in which the diagnosis had been made on the basis of the full clinical phenotype. The finding that the skin cultures established from their biopsies all showed increased tetraploidy only confirmed the clinically established diagnoses. These data supported the observation that increase in vitro tetraploidy occurs in cultures established from the epidermis of patients showing the full expression of the Gardner gene (Danes, 1976b) .
The second family group in which in vitro studies were considered to be of interest was that showing only partial expression (extracolorectal lesions), as it could not be established on clinical criteria whether colorectal lesions would occur later in life. As it has been reported that the time interval between the first soft tissue tumours and the diagnosis of the Gardner syndrome based on bowel symptoms occurring secondary to colorectal polyps was 17 years (Duncan et al., 1968) , a test which detected if the Gardner gene would eventually be expressed in the colon of such a patient with only extracolorectal lesions would be of value in clinical management. In Kindred 109 (Gardner, 1972) there was a family history of adult members showing only extracolorectal lesions without colorectal lesions. Colonic polyps in this family were usually found on colonoscopy in the early teens with the earliest appearance of colon polyps (in V.9) at age 13. He had been examined at regular 6-monthly intervals from age 11 until the appearance of the first polyp at 6 cm when he was aged 13. At age 17, V.9 had multiple colorectal polyposis. A colectomy was performed at that time with the stump of the rectum left intact. Polyps have been removed from the rectum of V.9 at regular intervals over the past 22 years.
Eight family members were considered to show only partial expression. Two (V.24, 30) were old enough (45 and 41 years) to have shown colonic lesions and their cultures showed no increased tetraploidy. VI.5 (age 25) had an apparent osteoma on his mandible and no increased in vitro tetraploidy (0%). His mother (V.8) did not show any clinical or in vitro expression (3% tetraploidy) of the Gardner gene. The 6 other members in generation VI who had extracolorectal manifestations without colorectal lesions were the offspring of V.9, a 39-year-old man with full expression of the Gardner syndrome and 30% in vitro tetraploidy. The cultures from his 2 oldest offspring (VI. 1, 12; ages 17, 15 years) showed increased tetraploidy (16%, 9%) and thus it was considered that they would eventually show full expression. If the appearance of polyps is similar to that of their father (V.9) and other members of Kindred 109, they will now have colorectal polyps. VI. 11 and 12 will be examined in the very near future.
The absence of increased tetraploidy in skin cultures from the 3 youngest offspring investigated (VI. 13, 16, 17; ages 14, 4, 2 years) with extracolorectal lesions might have been due to one of three possibilities. (1) The occurrence of tetraploidy in cultured skin cells might be age-dependent as the occurrence of in vivo polyps is known to be (Gardner, 1972; Pierce, 1972) . However, increased in vitro tetraploidy has been reported in skin cultures derived from clinically asymptomatic members at risk in other families with the Gardner syndrome as early as 5 years of age (Danes and Krush, 1977) . Cultures established from repeat biopsies from the 3 younger offspring over the next years should determine if chronological age or first appearance of colorectal polyps influenced the occurrence of in vitro tetraploidy. (2) The possibility that epithelioid cells from the epidermis had not been included in the cell population studied from the 3 younger offspring in question must be considered. Until pure epidermal cultures can be established, variation in the proportion of epidermal cells to fibroblast cells, which have been shown not to show increased tetraploidy (Danes, 1976b) As colonic mucosa from patients with the Gardner syndrome shows increased in vitro tetraploidy (Danes, 1976b) , cultures cf colonic mucosa should be studied from all of the offspring with extracolorectal lesions. It cannot be assumed that the 3 youngest offspring with extracolorectal lesions and no increased tetraploidy in their skin cultures will not develop colonic polyps until all three of these possibilities have been evaluated. there is a population of tetraploid cells having chromosomal instability, at least in culture, constantly present which may be relevant to the multi-step process of carcinogenesis (Knudson et al., 1973; Knudson, 1977) .
The third family group (V.8 and her children VI. 5, 6, 7, 8, 9, 10) to be studied by cell culture methodology was at risk to inherit the Gardner gene but showed no clinical signs, irrespective of age. None showed increased in vitro tetraploidy. Further study is required. The most likely interpretation of the present data is that V.8 (with a 50% risk) missed the gene for the disorder and that she and her 6 children do not carry the Gardner gene. Two of her children (VI.5, 8), however, developed discrete solitary lesions, similar to those of the Gardner syndrome, in their late teens and early twenties. This family group has been studied extensively along with those of V.7 and V.9 over a period of 30 years. During this period multiple osteomas, fibromas, epidermoid cysts, and polyps have been detected in VI.3 and 4 and multiple extracolonic lesions in VI.1l, 12, 13, 14, 16, 17. These are confirmed histologically. No expressions even suggesting the Gardner syndrome were detected in V.8 and her family until recently. The most likely explanation for single, discrete, solitary lesions that appear to be osteomas in VI.5 and the dental abnormalities in VI.8 is that they are related to trauma incurred in employment in the heavy car industry in which VI.5 and 8 are engaged. A similar explanation involving environmental trauma may account for the isolated single cysts observed in V.24 and V.30.
In familial polyposis coli (Pierce, 1972) , another autosomal dominant cancer syndrome, in which the
